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SOIL RETENTION

DESIGNS INC.

Date: August 10, 2012 SRD Project No: 0704-034A

To: SunRanch Capital Partners, LLC.
Attn: Mr. Scott Molloy
610 West Ash Street, Suite 1500
San Diego, CA 92101
Phone: 619-234-4050

Subject: Verdura® 40/60 Retaining Wall Feasibility Design and Response to Plan Review Comments
from the City of Lake Forest, Portola Center Project (South Parcel), TTM 15353, Lake
Forest, CA

In accordance with your request, Soil Retention Designs, Inc. (SRD) has prepared this updated feasibility
design report to address four representative wall geometries for the proposed Verdura® retaining walls at
the subject site. The enclosed structural design is an updated feasibility study and includes structural wall
calculations enclosed within this report and accompanying cross-section design wall drawings (Verdura®
Segmental Retaining Wall Drawings - Sheets 1 through 6). The subject structural design is based upon
the Tentative Tract Map 15353, prepared by Hunsaker and Associates, dated May 8, 2012. Please note
that this feasibility design is not intended to be a construction document; but is solely prepared to
facilitate planning requirements for Tentative Tract Map processing.

In addition, review comments from the City of Lake Forest Planning Department, prepared by Interwest
Consulting Group, have also been addressed. Our responses are provided on an item by item basis with
the comment list attached for reference.

REFERENCED DOCUMENTS
The information provided for use in the enclosed structural analyses included the following:
1. “Geotechnical Investigation, Portola Center South, Tentative Map 15353, Lake Forest,
California,” prepared by Geocon, Incorporated, Project No. G1218-52-01A, dated July 6, 2012.
2. Tentative Tract Map 15353, prepared by Hunsaker and Associates, dated May 8, 2012.

3. “Mechanically Stabilized Earth Walls and Reinforced Soil Slopes,” prepared by Federal Highway
Administration, Publication No. FHWA-NHI-00-043.
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SCOPE OF WORK

The scope of design services provided for this project included the following:

1. Review of the above referenced documents relative to obtaining necessary design parameters.

2. In-office analysis and design of the proposed Verdura® retaining walls to accommodate critical
aspects of the proposed civil design.

3. Preparation of this report, which contains our calculations, associated specifications, and
accompanying design drawings for the proposed Verdura® retaining walls.

4. Response to City of Lake Forest plan review comments, dated November 2011.

LIMITATIONS

The design and recommendations provided herein are applicable to the use of the Verdura® retaining wall
products, which is of proprietary ownership by Soil Retention Products, Inc.

Note that the scope of services authorized and provided herein is limited to a structural design of the
proposed Verdura® Retaining Wall system. SRD did not provide any on-site geotechnical services such
as subsurface investigations or identification/testing of soil materials that may be used in or near the
proposed Verdura® retaining walls. Information presented herein is based on data provided in the
referenced documents. If the conditions differ from those presented in the referenced documents, the
engineering design and analyses provided by SRD may no longer be valid and additional engineering and
analysis may be required. Conditions noted above include, but are not limited to, slope configurations,
wall system type, wall/slope heights, soil materials and structural and/or external loadings. In addition, it
should be noted that SRD is the wall designer and not the geotechnical engineer-of-record.

RESPONSE TO CITY PLAN REVIEW COMMENTS

SRD Response #S1 — Please note the following with regards to UBC and CBC conformance of the
Verdura® retaining wall:

The ER-5515 evaluation report was prepared to determine conformance with the 1997 Uniform Building
Code — Standard 21-4, Hollow and Solid Load-Bearing Concrete Masonry Units (see attachment). The
UBC Standard 21-4 solely addresses manufacturing specifications for the block units and is based on
ASTM Standard C90. The 2010 California Building Code (CBC) also relies upon the same ASTM
standard (see section 2103.1).

Additionally, the 2010 California Building Code (CBC) specifies that the system be designed per
Allowable Stress Design (ASD) methodology (see section 2107). Site specific design calculations for the
proposed walls at the subject site have been provided per nationally recognized methodologies (Federal
Highway Administration [FHWA]), which utilizes ASD methodology.

8/14/20122501 State Street  Carlsbad, CA 92008  P: (760) 966-6090 ¢ F: (760) 966-6099 « www.soilretention.com



Verdura 40/60 Retaining Wall Feasibility Design and Response Report — Portola Center (South) Page 4
SRD Project No. 0704-034A
August 10, 2012

Please note that the Verdura® retaining wall system is a CALTRANS-Approved wall system and is listed
on the “Pre-Approved Alternate Earth Retaining Systems” as of April 2012, which can be obtained
through the following link:

http://www.dot.ca.gov/hg/esc/approved products_list/pdf/earth_retaining_syst.pdf

Soil Retention is currently working on updating the ICC evaluation to include additional reinforcement
types and reference to the 2010 CBC. The ER-5515 remains active and is available through the ICC
website.

SRD Response #S2 — This item is under the purview of the geotechnical engineer of record.

SRD Response #S3 — The requested inspections are included under Section 3.10 and 3.11 of the General
Notes sheet of the provided drawings. Please note that the subject cross-sectional drawings are not
considered full construction documents, but are intended to provide feasibility information as part of the
planning stage of the project. Full construction drawings will be much more detailed showing specific
wall profiles with structural detailing.

SRD Response #S4 — Please see the attached Figure #1 (rear of document) which shows the
representative wall locations that this feasibility design addresses.

SRD Response #S5 — This item is under the purview of the civil and/or geotechnical engineer of record.

SRD Response #S6 — Verdura® retaining wall segmental blocks are manufactured with a proprietary
concrete mix which is resistant to severe (or very severe) sulfate exposure and will perform superior to
any Type V cement mix.

SRD Response #S6 (Duplicate Question #) — The proposed Verdura® retaining walls have a maximum
exposed height of 30 feet; however the walls are designed in some cases in a superimposed (terraced)
condition creating heights in excess of 60 feet due to the 2:1 separation slopes and required embedment
depths. The structural design methodology for terraced wall and/or an overall single height wall design is
controlled by the offset distance between the walls. The following relationship recommended by Federal
Highway Administration (FHWA) determines the type of analysis performed:

D <[1/20 * (HI + H,)]

D = Offset Distance
H; = Height of Upper Wall
H, = Height of Lower Wall

Per the FHWA design manual, for small upper wall offsets (where D < 1/20 * [maximum 36 + 38] = 4
feet), it is “assumed that the failure surface does not fundamentally change...The walls should be
designed as a single wall...” Please see the attached excerpt from the FHWA design manual at the rear of
text that further details this information.

8/14/20122501 State Street  Carlsbad, CA 92008  P: (760) 966-6090 ¢ F: (760) 966-6099 « www.soilretention.com



Verdura 40/60 Retaining Wall Feasibility Design and Response Report — Portola Center (South) Page 5
SRD Project No. 0704-034A
August 10, 2012

For the subject site, the minimum offset between walls is on the order of 20+ feet. The “D” equation is
not satisfied with this geometry, so the walls are designed in a terraced condition and internal stresses
within the wall are significantly reduced. Our feasibility design for the terraced condition incorporates
the use of “high-strength” geogrid reinforcement for these lower stresses. Steel reinforcements are not
necessary for the proposed wall geometries. Additional information regarding terraced wall or
independent wall design is outlined within the body of this report.

SRD Response #S7 — The requested references have been added to the updated Verdura® Segmental
Wall Drawings and this report.

SRD Response #S8 — Surcharge loadings for permanent structures and/or transient loading from road
traffic are relatively small in comparison to the overall static loading of fill of the larger wall complexes.
For this feasibility design, surcharge loading has not been incorporated, but may be appropriate during the
construction permitting phase of the project.

SRD Response #S9 — Table 3 within the Verdura® Segmental Wall Drawings have been updated to

correspond to the recommendations within the referenced geotechnical reports. Note that the previous
Table 3 was in error and has been corrected.

SRD Response #S10 — The subject walls were designed for a site acceleration of 0.36g. The previous
Table 3 located within the Verdura® Segmental Wall Drawings was in error and has been corrected.

SRD Response #S11 — Post-construction horizontal movements of Verdura® retaining walls are
discussed in the “Structural Setbacks” portion of the report.

SRD Response #S12 — Analysis is provided within the later part of this report for the most current
representative wall geometries (see the “Wall Design” section and the Appendix).

SRD Response #S13 — Wet-stamp and signature are provided for both the updated Verdura® Segmental
Wall Drawings and this report.

VERDURA® RETAINING WALL DESIGN

General Wall Configurations — The proposed site design consists of multiple Verdura® retaining walls
located within the southerly and easterly perimeter slopes of the project site. Proposed walls consist of
both single and double-tier walls positioned within 2:1 slopes which reach overall heights of up to 120
feet. Individual wall heights reach a maximum of 30 feet. Terraced walls are designed with 2:1
separation slopes or level areas between the walls typically 20 to 30 feet in horizontal distance.

Geotechnical Design Parameters - The geotechnical parameters used in design of the Verdura®
retaining walls are based upon the recommendations from the geotechnical engineer of record within the
Referenced Document #1 and are summarized as follows:

0 Reinforced zone (cohesion [c]= 500 psf, friction angle [¢]=32°);
0 Retained zone (¢c=500 psf, ¢=28°); and,
0 Foundation zone (c=500 psf, ¢p=28°).
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In accordance with nationally recognized design methodology, cohesion within the reinforced and
retained soils is conservatively disregarded. The materials used within the reinforced zone may consist
of either select onsite and/or imported fill material, provided the following quality criteria are met:

0 Friction angle > 32 degrees;

0 Percent passing #200 sieve < 35 percent;
0 Expansion index of < 50; and,

0 Plasticity index of < 20.

Based upon review of Referenced Document #1, it appears that these materials may be generated from the
Puente Formation — Soquel Member (Tps — sandstone portion) and potentially other onsite sources.

Seismic Design Parameters — The site acceleration of 0.36g was utilized for the subject wall design
based on information provided within Referenced Document #1.

Wall Design — Feasibility designs for the proposed Verdura® retaining walls for the subject site have
been designed for both static and pseudo-static conditions using computer program MSEW (Mechanically
Stabilized Earth Wall) 3.0 design software, developed by ADAMA Engineering, Inc. The structural
designs have been completed per the AASHTO 2002 (ASD) design methodology. Structural design
calculations include internal, external and local stability analyses. In addition, compound stability
analysis is also included. The design calculations are provided within the appendix of this report and are
preceded by a summary page of the critical factors of safety for the structural design (rear of text).

Structural design of walls in a superimposed (terraced) condition is primarily controlled by the offset
distance between the walls and the relationship to the height of the lower wall. The determination of
whether a single tiered design for a two-wall system or two independent designs are necessary is
governed by the following relationship:

D >H, *tan (90-¢,)

D = Offset Distance
H, = Height of Lower Wall
@, = Friction Angle of Reinforced Backfill Soils

When “D” satisfies the above relationship, walls are not considered superimposed and the lower wall is
designed as an independent wall with the upper wall modeled as a surcharge load. The upper wall is then
designed without any influence from the wall below. When “D” does not satisfy the above relationship,
walls are considered superimposed and a tiered design for a single system governs. Additional details
regarding the design of terraced walls are included in attached excerpts from the referenced FHWA
design manual at the back of this report.

Our analyses consisted of four (4) structural wall designs for both single-wall and tiered-wall geometries
at the subject site and are representative of the more critical geometries within the subject site. The
attached Figure #1 (rear of document) provides specific locations within the subject site as to where these
designs are generally applicable. The structural designs are as follows:

e Design 1 — Tiered 30-ft Walls with 20-ft Wide 2:1 Slope Separation - Design 1 accommodates
30-ft high exposed height lower and upper walls with an 8-ft high 2:1 separation slope and 20-ft
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offset between the tiered walls. Embedment depth for the lower wall is 6 feet and 8 feet for the
upper wall. The crest of the upper wall has a 20-ft high 2:1 ascending slope. This design is the
“most-critical” tiered geometry within the subject site and is representative of the wall layout
along the majority of the southern border within Lots “E”, “F”* and “G” (see Figure #1).

e Design 2 — Tiered 30-ft Walls with 20-ft Wide Level Bench Separation - Design 2
accommodates 30-ft high exposed height lower and upper walls with a 20-ft level bench offset
between the tiered walls for a future access road. Embedment depth for the lower wall is 6 feet
and 2 feet for the upper wall. The crest of the upper wall has a 5-ft high 2:1 ascending slope. This
design is representative of the wall layout southwest of the proposed “Sports Park™ area within the
northern portion of Lot “G” (see Figure #1).

e Design 3 — Single 20-ft Wall with 2:1 Crest - Design 4 accommodates a 20.3-ft high exposed
height wall with a 30-ft high 2:1 ascending slope at the crest. Embedment depth is a minimum 3
feet. This design is representative of the wall layout within an east canyon fill within Lot “C” (see
Figure #1).

e Design 4 — Tiered 12-ft over 30-ft Walls with 30-ft Separation - Design 3 accommodates a 30-
ft high exposed height lower wall and 12-ft high upper wall with a 12-ft high 2:1 separation slope
and 30-ft offset between the tiered walls. Embedment depth for the lower wall is 6 feet and 10
feet for the upper wall. The crest of the upper wall has a 30-ft high 2:1 ascending slope. This
design is representative of the wall layout within the northeast canyon fill within Lot “B” (see
Figure #1).

Minimum safety factors for external, internal, and local stability satisfy the following criteria:

External Stability Calculations
Static Pseudostatic
Base Sliding 1.5 1.1
Bearing Capacity 2.0 1.5
Overturning 2.0 1.5
Compound Stability 1.5 1.1
Internal Stability Calculations
Static Pseudostatic
Sliding 1.5 1.1
Geogrid Pullout 1.5 1.1
Geogrid Strength 1.5 1.1
Local Stability Calculations
Static Pseudostatic
Geogrid — Block Connection 1.5 1.1

The accompanying design drawings (Verdura® Segmental Retaining Wall Drawings - Sheets 1 through 6)
depict cross-sections showing the geogrid lengths, strengths, and placement based upon these designs.

Wall Components — The proposed Verdura® retaining walls are designed using Verdura® 40 and 60
blocks, Miragrid geogrids and other accessory products, and described in “Part 2 — Products” of the
“Specifications” of the accompanying design drawings (Sheet 1).

Toe embedment - Toe embedment (embedment of the wall base into the foundation soils) is typically
provided to minimize the potential for erosion undermining of the wall base, enhance bearing capacity
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and enhance sliding resistance of the basal reinforcement layers. Embedment of the wall is accounted for
in the calculations as part of the “total wall height”. The embedment has no impact on the wall
calculations (i.e. design methodology conservatively ignores passive earth pressures from soils in front of
the wall and hence has no effect on the internal or external stability of the wall system/components).

Minimum requirements for wall embedment are summarized as follows:

MINIMUM EMBEDMENT REQUIREMENTS

Sloping Condition at Toe of Wall Embedment Requirement*
Level H/20
(Minimum 1-foot)
2H:1V H/7
(Minimum 3 feet)

*Note: H equals the total height of an MSE wall.

The toe embedment of the wall designs for the subject project are a minimum of 3 feet for the 20-ft high
single wall in Design 3 and 6 feet for the 30-ft high tiered walls in Designs 1, 2 and 4. The designed
embedment depths exceed the minimum nationally recognized standards. It should be noted that deeper
embedment of 8 to 10 feet for the upper walls within the Design 1 and 4 conditions are required per the
analyses. These depths typical vary based upon the height of the slope between the walls. Within Design
2, the upper tiered wall has an embedment of 2 feet as a result of the level condition in front of the wall.
Additionally, all walls with descending slopes at the toe shall have an embedment depth which provides a
minimum 7-foot to daylight condition per the geotechnical engineer of record.

Typical Structural Setbacks — Structures located above the tops of Verdura® retaining walls that are
over 30 feet in height should be setback behind a 1:1 (horizontal to vertical) structural influence line
unless special foundation recommendations are employed (i.e. mat-type slabs, caisson footings, etc.), as
directed by the geotechnical engineer of record. The 1:1 should be measured from the face of the wall
and project upward to the slope/pad daylight.

Post-construction horizontal movements of Verdura® retaining walls over 30 feet in height are expected
to be less than 1/2 inch for single-tier walls (approximately 0.1% of total wall height) and 1 inch for
multi-tier walls (approximately 0.2% of total wall height). Walls lower than 30 feet in height should have
negligible lateral deflections. Both vertical and horizontal slope deformations and/or fill settlement
surrounding the subject walls are under the purview of the geotechnical engineer of record. Our
estimated horizontal movements do not account for the surrounding slopes and/or any underlying
materials, but are solely for the walls themselves. In addition, pseudo-static designs are modeled based
upon a 75mm (3 inch) displacement for external stability.
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Wall Backfill - Requirements for backfill materials surrounding the proposed wall are included in the
specifications of the Verdura® Segmental Retaining Wall Drawings for this project. In summary, the
materials should consist of engineered fill comprised of select onsite and/or imported soils accepted by
the geotechnical engineer of record and having a minimum friction angle of 32 degrees shear strength
when remolded to 90% of modified proctor density (ASTM D-1557). Soils within 6 inches of a
reinforcing geosynthetic layer shall not contain particles larger than 4 inches in diameter.

Backfill Drainage — Retaining wall sub-drainage should be applied as shown on the accompanying
design drawings and/or as directed by the geotechnical engineer of record. If groundwater conditions
exist within the foundation soils below the proposed Verdura® retaining walls, adequate drainage
measures as directed by the geotechnical engineer of record should be employed to remedy the condition.

Surface Water Drainage — Drainage and channeling of surface water from above walls and from
surrounding improvements should be directed to collection devices away from the retaining wall
structures.  Where possible, surface water should be collected in v-ditches, swales, or other
collection/channeling devices in order to contain and discharge water to either end of the wall or away
from the structures. Berms, curbs, gutters, swales or other devices may be required to prevent an
excessive amount of concentrated runoff from draining over the crest of the wall and creating erosion
problems. In no case should large volumes of runoff or concentrated flows be allowed to cascade over
the top of Verdura® retaining walls, discharge into the backfill or infill soils from which the wall is
constructed or otherwise be allowed to saturate the structural fill of the wall.

Improvements Above Walls — The uppermost geosynthetic reinforcements are designed to be at least 2
feet beneath the top of wall elevations. The 2-foot zone is typically considered a suitable depth in which
landscaping can be installed.

In general, SRD recommends placement of proposed improvements in areas that avoid conflicts with the
geogrid reinforcements. Where there are planned improvements above walls, SRD recommends the use
of a “buffer” slope atop the wall so that future excavations will avoid contact and/or potential damage to
reinforcements for the walls. Based upon the current plan, a minimum “buffer” slope of 5 feet high is
planned atop all walls, which would provide a minimum 7 feet to the uppermost geogrid reinforcements.
Tree well and any pool excavations atop the walls should be planned to avoid cutting of reinforcements.

Root growth from trees and/or vegetation is not inhibited by or damaging to the geogrid reinforcement
layers of the Verdura® Retaining Wall system. Trees should be properly sized by the landscape architect
so that root masses do not impart additional pressures on the wall face and anticipated tree canopies do
not extend over the wall face when located on top of the wall.

Fence post and/or cable railings located at the top of walls should be constructed with caisson-type
excavations which do not remove more than 25% of the geogrid materials at the face of the wall (e.g.
spacing and size limited to 1-foot diameter caissons located on 4-foot centers).

Screen walls, which require footings resistance to significant lateral loads (i.e. wind loads, seismic loads),
should be constructed with caisson and grade beam type foundations when located directly atop Verdura®
retaining walls. The following recommendations should be considered:

o Foundations systems located directly above Verdura® retaining walls should comply with the

following:
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- Continuous trench foundations (and/or grade beams) shall be limited to 18 inches from top
of wall elevations allowing for a minimum soil cover of 6 inches over geogrid
reinforcement materials.

- Caisson foundations may be drilled vertically, but should not remove more than 25 percent
of the geogrid materials (e.g. spacing and size limited to 2-foot diameter caissons located
on 8-foot centers). Maximum diameter of caisson footings should be less than or equal to
3 feet.

o Foundation systems located closer than 5 feet from the top of Verdura® retaining walls shall not
rely upon passive pressure (acting towards the face of the wall) within the upper 2 feet measured
from the top of wall.

o Foundation systems located a minimum of 5 feet away from the tops of Verdura® retaining walls
and/or located atop slopes above Verdura® retaining walls may use passive pressures as directed
by the geotechnical engineer of record.

Maintenance and Access — Maintenance and access for the proposed Verdura® retaining walls should be
provided per the direction of project planners. Planned Verdura® retaining walls should be included
within typical slope maintenance program guidelines.

Design Details — Detailed specifications, relative to the design of the Verdura® retaining wall system, are
provided on the accompanying drawings (Verdura® Segmental Retaining Wall Drawings - Sheets 1
through 6). The length, strength and spacing of geosynthetic reinforcements are depicted on the wall
cross sections. Geogrid spacing for all wall areas shall not be more than 3 block courses except for top of
wall areas as noted on the accompanying design drawings.

GLOBAL STABILITY ANALYSES

Global stability of earthen slopes surcharged by retaining walls is independent of local structural design
for retaining walls and hence has not been conducted as part of the design included herein. The global
stability of the slope and retaining wall combination is the responsibility of the geotechnical engineer of
record and should be provided under separate cover. Minimum safety factors for potential failure
surfaces that may occur behind and beneath the Verdura® retaining wall within the surrounding slopes
should be documented and approved by all appropriate reviewing agencies.

Modifications to geogrid lengths per the global stability analysis in the Referenced Document #1 have
been broadly incorporated into the Verdura® retaining wall drawings. The global stability
recommendations from the geotechnical engineer should be more detailed for specific walls during the
preparation of construction documents within the next phase of the project.

8/14/20122501 State Street  Carlsbad, CA 92008 « P: (760) 966-6090 ¢ F: (760) 966-6099 « www.soilretention.com



Verdura 40/60 Retaining Wall Feasibility Design and Response Report — Portola Center (South) Page 11
SRD Project No. 0704-034A
August 10, 2012

GEOTECHNICAL ENGINEER OF RECORD

It is the project geotechnical engineer of record’s responsibility to review the enclosed design
calculations, plans, and specifications in order to ensure that the assumptions made herein are consistent
with their intentions. The geotechnical engineer of record will be responsible for ensuring that the soil,
materials, and methods used in construction of the proposed Verdura® retaining wall system are
conducted in accordance with the specifications outlined herein.

CONCLUSIONS

Design of the above referenced Verdura® retaining walls is feasible provided that the recommendations
included herein and within the accompanying drawings are followed.

espectfully Submitted,

(own._

Darien Osborne, RCE 64108
Senior Project Engineer

Distribution: (1) Addressee (Electronic) V- U
(3) Mr. Ron Santos, City of Lake Forest (Wet-Signed and Electronic)
(1) Mr. Eddie Torres, RBF Consulting (Wet-Signed and Electronic)
(1) Mr. Shawn Weedon, Geocon Incorporated (Electronic)
(1) Mr. Robert Day, Design Fusion International, Inc. (Electronic)
(1) Mr. Joe Wightman, Hunsaker and Associates (Electronic)

Attachments: Design Summary Tables — Rear of Text
Appendix — Verdura® Retaining Wall Design Calculations
Figure #1 — Wall Design Location Exhibit — Rear of Document
City of Lake Forest Plan Review Comments — Rear of Document
Uniform Building Code Standard 21-4 — Rear of Document
Excerpt from FHWA Design Manual “Superimposed Walls” — Rear of Document
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Design 1

Design Summary Table

30° Over 30’ Tiered Walls with 20’ 2:1 Slope Offset

**Design for Both Walls in Tiered Condition**

Structure Geometry

Total Height

74 Total Height

Upper Wall — (30’ Exposed with 8’ Embedment)
Lower Wall - (30” Exposed with 6° Embedment)

Tiered Condition

20 Offset — 8 2:1 Separation Slope Between Walls

Crest Condition

20’ 2:1 Ascending Slope

Minimum Length/Height Ratio

Tiered Wall - 65°/74” (0.88)
Lower Wall — 65°/36° (1.81)
Upper Wall —45°/38” (1.18)

Geotechnical Parameters Reinforced Retained Foundation
Friction angle, @, degrees 32 28 28
Dry Unit Weight, y4 pcf 120 120 120
Cohesion, c, psf 500%* 500* 500
Seismic acceleration, g 0.36g

Global Stability

Per Geotechnical Engineer of Record

* Note: Cohesion within the reinforced and retained soil zones is conservatively ignored within the analysis.

Minimum Factor of Safety

FS, Static

FS, Seismic

External Stability Actual FS Target FS Actual FS Target FS
Sliding 1.75 >1.5 1.20 >1.1
Overturning 3.69 >2.0 2.32 >1.5
Bearing Capacity/Settlement 6.76 >2.0 4.20 >1.5
Compound Stability 1.78 >1.5 1.15 >1.1

Internal Stability Actual FS Target FS Actual FS Target FS
Sliding 1.69 >1.5 1.16 >1.1
Pullout 4.04 >1.5 2.46 >1.1
Geogrid Strength 1.51 >1.5 1.29 >1.1

Local Stability Actual FS Target FS Actual FS Target FS

| Geogrid to Block Connection 1.56 >1.5 1.18 >1.1
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Design 2

Design Summary Table

30° Over 30’ Tiered Walls with 20’ Level Bench Offset

**Design for Both Walls in Tiered Condition**

Structure Geometry

Total Height

66’ Total Height

Upper Wall — (30’ Exposed with 2° Embedment)
Lower Wall - (30” Exposed with 6° Embedment)

Tiered Condition

20’ Offset Level Bench Between Walls

Crest Condition

57 2:1 Ascending Slope

Minimum Length/Height Ratio

Tiered Wall - 50°/66” (0.76)
Lower Wall — 50°/36° (1.39)
Upper Wall —30°/32° (0.94)

Geotechnical Parameters Reinforced Retained Foundation
Friction angle, @, degrees 32 28 28
Dry Unit Weight, y4 pcf 120 120 120
Cohesion, c, psf 500%* 500* 500
Seismic acceleration, g 0.36g

Global Stability

Per Geotechnical Engineer of Record

* Note: Cohesion within the reinforced and retained soil zones is conservatively ignored within the analysis.

Minimum Factor of Safety

FS, Static FS, Seismic

External Stability Actual FS Target FS Actual FS Target FS
Sliding 1.90 >1.5 1.24 >1.1
Overturning 3.84 >2.0 2.20 >1.5
Bearing Capacity/Settlement 6.99 >2.0 4.11 >1.5
Compound Stability 1.87 >1.5 1.22 >1.1

Internal Stability Actual FS Target FS Actual FS Target FS
Sliding 1.78 >1.5 1.17 >1.1
Pullout 4.76 >1.5 2.40 >1.1
Geogrid Strength 1.53 >1.5 1.31 >1.1

Local Stability Actual FS Target FS Actual FS Target FS
| Geogrid to Block Connection 1.64 >1.5 1.26 >1.1
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Design 3

Design Summary Table

20’ Single Wall with 2:1 Slope

Structure Geometry

Total Height

23.3* (20.3” Exposed with 3° Embedment)

Crest Condition

30’ 2:1 Ascending Slope

Minimum Length/Height Ratio

Lower Wall —24°/23.3” (1.03)

Geotechnical Parameters Reinforced Retained Foundation
Friction angle, @, degrees 32 28 28
Dry Unit Weight, y4 pcf 120 120 120
Cohesion, c, psf 500%* 500* 500
Seismic acceleration, g 0.36g

Global Stability

Per Geotechnical Engineer of Record

* Note: Cohesion within the reinforced and retained soil zones is conservatively ignored within the analysis.

Minimum Factor of Safety

FS, Static FS, Seismic

External Stability Actual FS Target FS Actual FS Target FS
Sliding 2.13 >1.5 1.41 >1.1
Overturning 4.92 >2.0 2.89 >1.5
Bearing Capacity/Settlement 10.61 >2.0 7.67 >1.5
Compound Stability 1.58 >1.5 1.12 >1.1

Internal Stability Actual FS Target FS Actual FS Target FS
Sliding 2.01 >1.5 1.36 >1.1
Pullout 16.21 >1.5 5.46 >1.1
Geogrid Strength 2.00 >1.5 1.14 >1.1

Local Stability Actual FS Target FS Actual FS Target FS
| Geogrid to Block Connection 2.65 >1.5 1.17 >1.1
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Design Summary Table

Design 4

12° Over 30’ Tiered Walls with 30°Offset

**Design for Both Walls in Tiered Condition**

Structure Geometry

Total Height

60’ Total Height
Upper Wall — (12° Exposed with 10° Embedment)
Lower Wall - (30” Exposed with 6° Embedment)

Tiered Condition

30 Offset — 12° 2:1 Separation Slope Between Walls

Crest Condition

30’ 2:1 Ascending Slope

Minimum Length/Height Ratio

Tiered Wall - 50°/60” (0.83)
Lower Wall — 50°/36° (1.39)
Upper Wall —25°/22° (1.14)

Geotechnical Parameters Reinforced Retained Foundation
Friction angle, @, degrees 32 28 28
Dry Unit Weight, y4 pcf 120 120 120
Cohesion, c, psf 500%* 500* 500
Seismic acceleration, g 0.36g

Global Stability

Per Geotechnical Engineer of Record

* Note: Cohesion within the reinforced and retained soil zones is conservatively ignored within the analysis.

Minimum Factor of Safety

FS, Static FS, Seismic

External Stability Actual FS Target FS Actual FS Target FS
Sliding 1.81 >1.5 1.24 >1.1
Overturning 3.79 >2.0 2.40 >1.5
Bearing Capacity/Settlement 7.25 >2.0 4.57 >1.5
Compound Stability 1.54 >1.5 **Min 1.1 thru >1.1

Geogrid Zone

Internal Stability Actual FS Target FS Actual FS Target FS
Sliding 1.69 >1.5 1.36 >1.1
Pullout 2.31 >1.5 1.49 >1.1
Geogrid Strength 2.28 >1.5 1.82 >1.1

Local Stability Actual FS Target FS Actual FS Target FS
| Geogrid to Block Connection 1.69 >1.5 1.31 >1.1

** Safety factor in output is shown for slope area above the wall. This condition is outside the purview of a wall
designer; however, consider that compound stability analysis does not consider the use of cohesion in calculations.
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Appendix

Verdura® Retaining Wall Design Calculations

(56 Pages)

8/14/20122501 State Street  Carlsbad, CA 92008 « P: (760) 966-6090 ¢ F: (760) 966-6099 « www.soilretention.com



fersion 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0

MSEW -- Mechanically Stabilized Earth Walls Portola Center - TTM 15353

Present Date/Time: Thu Jul 05 11:08:50 2012 C:\.....outh Rev Design\Updated Design Files\Design 1 - 30 ft over 30 ft Tiered - 20 ft offset. BEN

ersion 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0

AASHTO 2002 ASD DESIGN METHOD
Portola Center - TTM 15353

MSEW(3.0): Update # 14.3

PROJECT IDENTIFICATION

Title: Portola Center - TTM 15353
Project Number: 0704 034A

Client: SunRanch Capital Partners, LLC
Designer: DAO

Station Number: DESIGN 1

Description:

Tiered 30 ft over 30 ft Wall Height - 8 ft 2:1 Separation Slope -
Offset of 20 ft - 20 ft Ascending Slope at Crest

Company's information:

Name: Soil Retention Designs, Inc.
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using GEOGRID as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, vy 120.0 Ib/ft 3
Design value of internal angle of friction, ¢ 320°

RETAINED SOIL
Unit weight, vy 120.0 Ib/ft 3
Design value of internal angle of friction, ¢ 28.0°

FOUNDATION SOIL (Considered as an equivalent uniform soil)

Equivalent unit weight, v cquiv. 120.0 1b/ft 3
Equivalent internal angle of friction, Dequiv. 28.0°
Equivalent cohesion, ¢ cquiv. 500.0 Ib/ft 2

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.3073 (if batter is less than 10°, Ka is calculated from eq. 15. Otherwise, eq. 38 is utilized)

Inclination of internal slip plane, = 61.00° (see Fig. 28 in DEMO 82).

Ka (external stability) = 0.3721 (if batter is less than 10°, Ka is calculated from eq. 16. Otherwise, eq. 17 is utilized)

BEARING CAPACITY
Bearing capacity coefficients (calculated by MSEW): Nc = 25.80 Ny=16.72
SEISMICITY

Maximum ground acceleration coefficient, A = 0.360
Design acceleration coefficient in Internal Stability: Kh = Am = 0.392
Design acceleration coefficient in External Stability: Kh d=0.175 == Kh=Am=0.175

(Kh in External Stability is based on allowable displacement, d =75 mm. using FHWA-NHI-00-043 equation)

Kae (Kh>0)=0.5415 Kae (Kh=0) =0.3721 A Kae =0.1694
Seismic soil-geogrid friction coefficient, F* is 80.0% of its specified static value.
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INPUT DATA: Geogrids

(Analysis)

DATA

Geogrid Geogrid
type #1 type #2

Geogrid
type #3

Geogrid Geogrid
type #4 type #5

Tult [Ib/ft]

Durability reduction factor, RFd
Installation-damage reduction factor, RFid
Creep reduction factor, RFc

Fs-overall for strength

Coverage ratio, Rc

Friction angle along geogrid-soil interface,
Pullout resistance factor, F*
Scale-effect correction factor,

3590.0 6230.0
1.10 1.10
1.11 1.10
1.67 1.67

N/A N/A

1.000 1.000

29.40 29.40
0.90-tarp  0.90-tanh
0.8 0.8

8300.0
1.10
1.10
1.67
N/A
1.000

29.40
0.90-tanp
0.8

12420.0

1.10

1.10

1.67 N/A
N/A

1.000

29.40
0.90tanh) N/A
0.8

Note: Z for calculating K/Ka and F* is measured from top of the wall at the face (AASHTO).

Variation of Lateral Earth Pressure Coefficient With Depth

V4

K/Ka

0ft
331t
6.6 ft
9.8 ft
13.1 ft
16.4 ft
19.7 ft

1.00
1.00
1.00
1.00
1.00
1.00
1.00

0.0

1.0

K/Ka
2.0 3.0

Z[ft]

6.6

9.8

16.4

26.2

32.8
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